The principle aim of this study is to explore and compare the effect of chitosan and linear polyvinyl amine, as biopolymer, on the antibacterial properties of the prepared dressing based cotton. The biopolymer molecules can be covalently fixed on to the cotton by using friendly anchor chemicals like butanetetracarboxylic acid. The treated cotton are characterised through monitoring the susceptibility of the amino groups created on the surface of the fabric. The bacteriostatic effect was evaluated against Escerichia coli (E. coli) DSMZ 498. The results obtained show a synergistic bacetriostatic effect of the treated cotton samples by using chitosan/polyvinyl amine finishing system. The produced dressing based cotton could be used as a model system to treat wounds, ulcers as well as diabetic ulcers, in addition some kind of burns.
Introduction
The primary function of normal intact skin is to allow microorganisms to exist on the surface, but prevent their penetration beneath unbroken skin which may lead to colonization or infection of underlying tissues. Once the skin barrier is broken, there is much greater risk for infection as the majority of wounds provide a favourable environment for both aerobic and anaerobic bacteria [1] .
Wound dressings are usually used to encourage the various stages of wound healing and create better healing conditions. They often cover the wound surface to accelerate its healing. A desirable wound dressing should (a) create and keep the moist environment, (b) protect the wound from secondary infections, (c) absorb the wound fluids and exudates, (d) reduce the wound surface necrosis, (e) prevent the wound desiccation, (f) stimulate the growth factors and also be (g) elastic, non-antigenic and biocompatible [2, 3] . Based on the types of wounds and modes of healings, numerous materials are developed for use as wound dressing. These materials include synthetic polymers like polyurethane, poly (lactic acids), silicon rubber and natural polymers such as alginates, chitosan, gelatine and collagen [4] .
Chitosan ( Fig. 1) , being a cationic polymer with specific structure, is obtained commercially from shrimp or crab shell chitin (a N-acetylglucosamine polymer) by alkaline deacetylation in various grades [5, 6] . Chitosan is relatively inexpensive, non-toxic and possesses reactive amino groups. Chitosan is a biopolymer that has been known as being able to accelerate the healing of wound in human [7] . It was reported that chitosan simulated the migration of polymorphonuclear (PMN) as well as mononuclear cells and accelerated the re-epithelization and normal skin regeneration [8] . It has also been documented that chitosan confers considerable antibacterial activity against a broad spectrum of bacteria [9] . The interaction between positively charged chitosan and negatively charged microbial cell wall leads to the leakage of intracellular constituents. The binding of chitosan with DNA and inhibition of mRNA synthesis occurs via the penetration of chitosan into the nuclei of the microorganisms and interfering with the synthesis of mRNA and proteins. It is reported also that chitosan film containing fibroblast growth factor accelerate wound healing for genetically diabetic mice [10] . The results in that work signified also that chitosan itself facilitate wound repair. Chitosan film also can be used as proper candidate in healing diabetic foot ulcers which are common in patients with diabetic mellitus. These patients are known to be at high risk of developing chronic dermal ulcers in presence of long term complications of the disease arising from peripheral neuropathy or mechanical changes in the foot architecture which lead at the end to limb loss if proper treatment is delayed.
Due to the variability of chitosan preparations, some of the antimicrobial tests performed up to now seem to be not conclusive, so new testing methods have to be introduced. One of them is described in this paper too.
Linear polyvinylamine (PVAm) is a kind of polymer with a simple structure (Fig. 1 presence of primary amino groups along the hydrocarbon main chain. Polyvinylamine is synthesized by polymeranalougous reaction e.g. by polymerization of vinylformamide followed by acid or alkaline hydrolysis. It is used in catalysis, chelatation, and treatment of wastewater, paper making and the recovery of oil [11] [12] [13] [14] . Protonated PVAm is a highly hygroscopic cationic polyelectrolyte. It can be dissolved in water and ethanol. Different molecule masses and amino-group content of PVAm are distinguished.
Materials and methods
As a test fabric 100% cotton (ECE/S/400, 102 g/m2) was from wfk-Testfabrics, GmbH Germany. Lupamin Ò (5095-SF); polyvinylamine $95% hydrolysed and desalined by ultra-filtration, average molecular mass 380,000 g/mol was kindly donated by BASF, Germany. Chitosan coded as BilB 13 (Degree of Deacetylation 85%, average molecular mass 40,000 g/mol was kindly donated by BiLB Bremerhaven, Germany. Non-ionic detergent (Marlipal Ò O 80/13) was from Degussa AG, Germany. Butane-1,2,3,4-tetracarboxylic acid (BTCA); 2,3,5-triphenyltetrazolium chloride (TTC); Standard I-nutrient broth medium (SI) and Standard I-nutrient agar (SI-agar) were purchased by Merck, Germany. Escherichia coli (E. coli) DSMZ 498. Details of their cultivation, inoculation are described by Fouda et al. [15] . All other chemicals and solvents were of analytical grade.
Preparation of samples
All cotton samples were extracted in a mixture of methanol/ water (1:1), climatized for 24 h (22°C, 65% relative humidity) and weighted before use. Three finishing solutions were prepared: a solution of 1% polyvinylamine (PVAm), a solution of 1% chitosan (CTS) and a mixture of both. The pH for the solutions containing chitosan was adjusted to be 5.5. To all solutions 50 ll of a non-ionic detergent was added to improve wettability.
An aqueous solution of 3% butanetetracarboxylic acid was prepared as anchoring agent. Fifty microlitre of Marlipal Ò O 80/13 was added to this solution.
Finishing of dressing based cotton
All cotton samples were pre-treated with BTCA solution for 5 min followed by drying at 80°C for 3 min. Then all samples were immersed in the fishing solutions of PVAm, CTS and PVAm/CTS. At this end the fabrics were squeezed between two nips and dips to a wet pick up 100%. The cotton fabrics were dried at 80°C for 3 min, and then cured at 150°C for 8 min. All samples were extracted for 24 h using a mixture of water/methanol (1:1), climatized (24 h) and weighted.
Characterization of the modified dressing based cotton surfaces
Different techniques were used to characterize the finished samples with polyamines.
Dropping colour test
A 16 cm 2 large piece of the treated polyamine cotton was dipped into 1% hypochlorous acid (HOCl) for 5 min. Then, the sample was washed intensively with deionisized water. One drop (20 ll) of an aqueous solution of 2% potassium iodide and 1% starch was added on to the surface. A brown-violet colour spot was observed (Fig. 3) . Mechanism of reaction is illustrated in Scheme 1.
Nitrogen content
The reaction of polyamine with cotton can be traced through monitoring the nitrogen percent of the finished samples. Nitrogen content for the finished samples was determined according to kjeldahal method [16] .
Polyelectrolyte titration method
Polyelectrolyte titration was carried out using polyelectrolyte titration system, particle charge detector (PCD 03 PH), was from Mütek Analytic GmbH, Herrsching, Germany. One gram climatized treated cotton were immersed in 100 ml acetate buffer solution (pH 4.7). To this solution 100 ll Marlipal was added. The cotton samples were left under shaking for 2-3 h. Then the cotton samples were washed several times with distilled water and dried at ambient conditions. 50 ml anionic polyelectrolyte (0.001 N polyethlenesulfonic acid sodium salt; PES-Na) (Fig. 2 ) and 100 ll Marlipal were added with stirring for 3 h to the cotton fabrics. After stirring, the solutions with the cotton fabrics were filtered out. 10 ml from the filtrate was titrated against cationic polyelectrolyte; poly-diallyl-di-methyl-ammonium-chloride (PDADMAC 0.001 N) (Fig. 2) . The volume consumed during the titration was called (V 1 ). For calibration, 10 ml (PESNa) was titrated against (PDADMAC), the volume determined was called (V 2 ). The amount of titer consumption at the end point of titration can be used for the calculation of accessible charges according to the following equation:
MilliVolt:equivalent ðmV:eq:Þ ¼ ½ðV 2 À V 1 Þ Â 0:001=0:2:
i.e., V 1 = consumption of (PDADMAC) which is equivalent to the unreacted (PESNa) (eq/ml), V 2 = consumption of (PDADMAC) equivalent to 10 ml (PESNa) (eq/ml), for the correction of the volume which equivalent to the 1 g cotton sample, we multiply the (V 2 À V 1 ) by factor 5.
Antibacterial activity of the treated dressing based cotton samples
The antibacterial activity of the treated cotton fabrics were evaluated against Escherichia coli (E. coli) DSMZ 498 using the TTC test method. Details about this test are described by Fouda et al. [15] .
Results and discussions

Characterization of the amino groups by dropping colour test
This test of analysis is used mainly in order to identify the amino groups which are immobilized at the surfaces of the treated polyamine cotton fabrics. Butanetetracarboxylic acid anchor molecule was used for crosslinking of polyvinylamine and chitosan to cellulosic cotton surface. Scheme 2 illustrated the proposed mechanism of this interaction.
Results of finishing show the following values of add on; polyvinylamine 9.7 wt%; chitosan 4.1 wt% and the mixture of both polyamines 6.7 wt%. The dropping test method was positive for all the finished samples grafted with polyvinylamine or chitosan crosslinked by BTCA. The respective blank test showed only easily yellowish colour or no effect.
Polyelectrolyte titration and nitrogen content
Polyelectrolyte titration was carried out in order to determine the amount of charged amino groups immobilized on cotton surfaces. Polyelectrolyte titration measurements on treated cotton fabrics may be used to assess the availability of ionic charges on the cotton fabrics which give information on the (statistical) sites of crosslinker and on possible chain segment mobility of biopolymer on-fibre. Chain mobility may determine any functionality Table 1 Polyelectrolyte titration and nitrogen content results. envisaged [17] . The results represented in Table 1 show exemplarily that the use of the anchor group butanetetracarboxylic acid, BTCA almost only 1/3 of potential charge equivalents remain accessible after fixation onto textile. It can be shown that by varying the amount of anchor used, higher charge accessibility can be reached with resulting in lower add-on. The charge accessibility related to the amount of permanent add-on can be increased strikingly using less anchor chemicals but with the risk of only low coverage and thus lower total binding capacity of the treated cotton fabric. Table  1 . also showed the nitrogen content for the treated cotton samples.
Antibacterial activity of the treated dressing based cotton samples
Cotton samples finished with chitosan, polyvinyl amine and mixture of them using BTCA as anchor were evaluated in their efficiency against gram-negative bacteria by the so called TTC-test method [15] . This method serves as indicating system for the determination of the viability of micro organisms and can be used on surfaces. Mechanism of the reduction of TTC to Formazane red are described below in Scheme 3. All systems showed a good bacteriostatic efficiency. Especially the system with polyvinylamine treated cotton crosslinked with butantetracarboxylic acid as shown in Fig. 4 . The amount of living bacteria (E. coli) was reduced to 98%. It could be seen that by increasing the grafting yield of the biopolymer the absorbance of formazan decreases, hence the antibacterial activity increases. Future tasks will be aimed at testing against more microbe types and introducing chitosans of different molecular weights, the lower ones being preferred because of easy processing and also in the treatment of other polymer fibres.
Further studies could clarify the influence of the total grafted amount of polyvinylamine and chitosan and the optimal ratio between anchor molecules and polyamines. Also the effect of other anchors like triazines, oxiranes or diisocyantes will be investigated.
There are different fields of application for the finished cellulosic fabrics. The future prospects of application of the modified surfaces could be the use as bacteriostatic medical textile with good fastness, by easily handling. Also the created dressing-based cotton with fixed polyamines could be used for complexing heavy metals from industrial waste water.
Conclusion
According to the results in this work, the antimicrobial activity of chitosan/polyvinyl amine system showed promising results. Further studies using different anchors will be done, as well as different micro organisms will be tested also. The resulting antimicrobial dressing based cotton can be used successfully in healing wounds, burns and ulcers as well as diabetic foot ulcers. 
